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(54) Single crystal silicon on polycrystalline silicon integrated circuits 



(57) An integrated circuit comprising active and pas- 
sive devices is formed in a thin slice of monocrystalline 
semiconductor bonded to a high resistivity polycrystal- 
line silicon substrate. As compared with conventional in- 
tegrated circuits supported on a monocrystalline sub- 
strate, circuits in monocrystalline films bonded to high 
resistivity polycrystalline substrates are less subject to 
parasitic capacitance, crosstalk and eddy currents. As 
compared with typical SOI wafers, the polycrystalline 
substrates have higher resistivity, and this resistivity is 
much less affected by contamination than it would be in 
monocrystalline substrates. Compared to silicon-on- 
sapphire or silicon on any other insulating material, the 
polycrystalline substrates are more compatible with the 
mechanical, thermal, and optical properties of the crys- 
talline silicon layer. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to integrated cir- 
cuits and, in particular, to a new type of integrated circuit 
comprising active and passive devices formed in a thin 
slice of single crystal semiconductor bonded to a high 
resistivity polycrystalline silicon substrate. 

BACKGROUND OF THE INVENTION 

[0002] Conventional integrated circuits are typically 
fabricated on relatively thick wafers of monocrystalline 
silicon. While only a thin top layer of the silicon, typically 
less than a micrometer in thickness, is utilized by the 
circuit devices, the wafers are typically about 0.5 to 0.8 
mm in thickness in order to provide required mechanical 
rigidity. Such wafers are utilized in the fabrication of in- 
tegrated circuits using a variety of technologies, includ- 
ing CMOS, NMOS, bipolar and BiCMOS technologies. 
[0003] These conventional integrated circuits are not 
well suited for high frequency applications because of 
the relatively low resistivity of the silicon underlying the 
active region. With increasing switching speed of digital 
circuits and increasing frequency of operation of analog 
circuits, the underlying crystalline silicon leads to a va- 
riety of adverse parasitic effects. Specifically, the under- 
lying silicon contributes to the parasitic capacitance of 
each transistor and introduces parasitic capacitance 
with the interconnection wires. When both digital and 
analog circuits are formed on the same wafer, the un- 
derlying silicon contributes to crosstalk between the two 
types of circuits. And when the wafer includes high fre- 
quency inductors, eddy currents induced in the sub- 
strate dampen the resonance of associated circuits and 
reduce the quality factor-Q of the inductors. 
[0004] Although various approaches have been tried 
to solve these problems, none have proved completely 
satisfactory. One approach, referred to as the silicon on 
insulator (SOI) technique is commonly implemented by 
forming the integrated circuit in a film of single crystal 
silicon separated from a single crystal silicon substrate 
by a layer of insulating silicon oxide. SOI usually im- 
proves the circuit performance, primarily by reducing 
parasitic capacitance of the transistors. It also may de- 
crease the cross talk between different parts of the cir- 
cuit. There are two common implementations of SOI. In 
the first, a high dose of oxygen is implanted into single 
crystalline Si and after suitable heat treatment this leads 
to formation of a buried insulating silicon oxide film. This 
process is known as the SIMOX (Separation by IMplant- 
ed OXygen) process. I n the second implementation, two 
single crystalline Si wafers, at least one of which is coat- 
ed with a layer of silicon dioxide, are bonded together 
and then one of the wafers is thinned until only a film of 
silicon remains. All these SOI wafers, whether formed 
by SIMOX or by bonding, typically consist of a device 



layer that is separated by silicon oxide (usually silicon 
dioxide) from a single crystalline substrate that is not 
intentionally doped. The substrate conductivity is typi- 
cally in the range 0.1 to 50 ohm-cm because of residual 

5 impurities. 

[0005] Although such SOI wafers are beneficial for 
most high speed circuits, they are not well suited for cir- 
cuits that include integrated inductors. Inductors per- 
form better when mounted on insulating or very highly 

10 resistive substrates. A typical SOI substrate does not 
provide such a substrate. There have been some pub- 
lished attempts to increase the substrate resistivity. For 
example, a group at Westinghouse has developed a 
process, in which very high purity (very high resistivity, 

15 of the order of 1 OKOhm-cm) float -zone Si is used as the 
starting material for SIMOX. The same approach has 
been followed more recently by D. Eggert et al, "A SOI- 
RF-CMOS Technology on High Resistivity SIMOX Sub- 
strates for Microwave Applications to 5 GHz", IEEE 

20 Trans. Electr. Dev., Vol. 44, p. 1 981 (1 997). Both teams 
have reported that circuits with improved performance 
can be built. However, there are problems with this 
method. The first problem is the difficulty of maintaining 
the very high purity of the float zone material through 

25 many high temperature steps required to make SOI wa- 
fers, and later the high temperature steps in the conven- 
tional device processing cycle. Any impurities inadvert- 
ently introduced into Si will diffuse at high processing 
temperatures throughout the wafer, making it more con- 

30 ductive. The second problem is that the float-zone proc- 
ess does not readily permit fabrication of large diameter 
wafers. Equipment for growing 150 mm silicon boules 
is only becoming available, and there are major techni- 
cal challenges in scaling the process to larger diame- 

35 ters. In contrast, standard wafers made by the Czochral- 
ski or CZ process are readily available in 200 and 300 
mm diameters and the semiconductor industry is start- 
ing conversion to 300 mm wafers. The third problem is 
that the cost of high purity float-zone wafers significantly 

40 exceeds that of CZ wafers. 

[0006] An earlier SOI technique involved forming a sil- 
icon layer on a sapphire insulating substrate. This ap- 
proach also used a relatively expensive substrate ma- 
terial, and the mechanical and thermal properties of the 

4S crystalline silicon film do not closely match those of the 
substrate. 

[0007] Yet another approach is to abandon silicon 
technology and to fabricate the desired circuits in GaAs 
on a semi-insulating substrate. Unfortunately, GaAs 
so technology is less developed and intrinsically much 
more expensive than silicon technology. Accordingly 
there is a need for an improved structure for high fre- 
quency integrated circuits. 



[0008] In accordance with the invention, an integrated 
circuit comprising active and passive devices is formed 
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in a thin slice of monocrystalline semiconductor bonded 
to a high resistivity polycrystalline silicon substrate. As 
compared with conventional integrated circuits support- 
ed on a monocrystalline substrate, circuits in monocrys- 
talline films bonded to high resistivity polycrystalline s 
substrates are less subject to parasitic capacitance, 
crosstalk and eddy currents. As compared with typical 
SOI wafers, the polycrystalline substrates have higher 
resistivity, and this resistivity is much less affected by 
contamination than it would be in monocrystalline sub- 
strates. Compared to silicon-on-sapphire or silicon on 
any other insulating material, the polycrystalline sub- 
strates are more compatible with the mechanical, ther- 
mal, and optical properties of the crystalline silicon layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The advantages, nature and various additional 
features of the invention will appear more fully upon con- 
sideration of the illustrative embodiments now to be de- 
scribed in detail in connection with the accompanying 
drawings. In the drawings: 

FIG. 1 is a schematic flow chart illustrating the steps 
in making an integrated circuit in accordance with 
the invention; 

FIG. 2 is a schematic cross section of the structure 
on which an integrated circuit can be formed; and 

FIG. 3 is a schematic diagram of an integrated cir- 
cuit which can be formed on the structure of FIG.2. 

[0010] It is to be understood that these drawings are 
for illustrating the concepts of the invention and are not 
to scale. 

DETAILED DESCRIPTION 

[0011] Referring to the drawings, FIG. 1 is a schemat- 
ic flow chart showing the steps in making an integrated 
circuit. The first step shown in block A of FIG. 1 is to 
provide a polysilicon substrate. Preferably the polysili- 
con substrate is in the form of a wafer comparable in 
dimensions to the monocrystalline wafers used in con- 
ventional integrated circuit fabrication. We will refer to 
such a polycrystalline silicon wafer as a "handle wafer". 
The polysilicon should have a high resistivity in excess 
of 1 KOhm-cm and preferably in excess of 10 KOhm-cm. 
[0012] The substrate can be sliced from polycrystal- 
line ingots (thick rods) that are currently mass produced 
as the precursor material for growing monocrystalline 
wafers. Instead of the polycrystalline rod being subject- 
ed to the float-zone process for converting it into monoc- 
rystalline form, the rod is annealed and sliced using 
methods similar to those used in handling conventional 
single crystalline wafers. The polycrystalline wafer is 
then mechanically and chemically polished to form a 



handle wafer. 

[0013] The next step, shown in block B, is to bond a 
layer of monocrystalline semiconductor on the polycrys- 
talline silicon handle wafer. Preferably this is accom- 
plished by bonding a thin monocrystalline wafer to the 
polycrystalline wafer. The monocrystalline wafer is pref- 
erably monocrystalline silicon but can also be a different 
semiconductor such as monocrystalline GaAs, SiC or 
InP. As preliminary steps, the two wafers to be bonded 
should be chemically degreased and thoroughly 
cleaned. 

[001 4] Bonding is typically effected by placing the two 
clean wafers in contact and heating. When placed in 
contact under gentle pressure, the wafers are initially 
held together by weak physical forces such as hydrogen 
bonding among surface terminal hydroxyl groups and 
van der Waals forces between the surface species. With 
heating the weak physical bonds are transformed into 
strong chemical bonds by thermally induced chemical 
reactions. Such bonding can be achieved between sin- 
gle crystal silicon and polycrystalline silicon surfaces by 
heating to 1100°C without the use of any other bonding 
agent. A thin layer of silicon oxide (20-1000nm) facili- 
tates the bonding process and improves performance 
of subsequently fabricated devices. 
[0015] The third step, block C, is to thin the monoc- 
rystalline layer. Thinning can be effected by grinding and 
etching using etch stops. The monocrystalline layer is 
reduced to a thickness of less than 1 5 micrometers and 
preferably to one micrometer or less. Alternatively, a 
thinning process referred to as the Smart Cut process 
can be utilized. Here hydrogen is implanted into monoc- 
rystalline silicon before bonding. For a sufficient hydro- 
gen dose, damage and hydrogen microbubbles form in 
silicon at a depth that is defined by the implantation en- 
ergy, as described by M. Bruel, "Application of Hydrogen 
Ion Beams to Silicon on Insulator Material Technology", 
Nucl. Instr. and Meth. in Phys. Res. B, Vol 108, p. 313, 
(1996). When two wafers are pressed together and 
heated, the implanted wafer splits into two parts along 
the implanted zone, leaving a thin silicon film bonded to 
another wafer. 

[0016] Atypical workpieceatthis stage of the process 
is shown in FIG. 2. The workpiece 20 comprises a bond- 
ed sandwich structure of a relatively thick polysilicon 
substrate 21 and thin monocrystalline outer layer 22. An 
optional intervening insulating layer 23 such as silicon 
oxide improves performance of subsequently fabricated 
devices. For high speed digital CMOS, the top layer is 
preferably monocrystalline silicon having a thickness 
less than one micrometer. The buried oxide is typically 
between 5 and 3000 nanometers, and the substrate is 
a polycrystalline silicon wafer having a thickness in ex- 
cess of 0.1 millimeter and preferably about 0.5 millime- 
ter or thicker. The dimensions of the overall structure 
can be similar to those of a conventional monocrystal- 
line wafer for convenience in processing. The structure 
can then be substituted for the conventional crystalline 
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silicon wafer in conventional silicon integrated circuit 
fabrication processes. 

[0017] The final step is to fabricate one or more inte- 
grated circuits by forming active devices such as tran- 
sistors and passive devices such as resistors, capaci- 
tors and inductors to form an integrated circuit 24 on and 
in the monocrystalline layer 22. These devices can be 
formed in accordance with the well known techniques 
used to form them in monocrystalline silicon wafers. 
[0018] Since the top monocrystalline layer is not as 
highly resistive as the handle wafer below it, it may be 
advantageous to either remove it or transform it into in- 
sulating oxide in the areas that are going to be occupied 
by inductors. This can be done simply, and most likely 
without adding any extra steps to the process sequence. 
For example: the most common isolation techniques 
used to electrically separate neighboring transistors are 
LOCOS (local oxidation) and STI (shallow trench isola- 
tion). In LOCOS, a thick oxide is grown between devic- 
es, in STI trenches are etched and filled with a deposited 
oxide layer. Therefore, the same lithography steps that 
are used for lateral isolation, can define the inductor ar- 
eas and by the time the isolation sequence is completed, 
there is only an insulating layer between the inductor 
metal on the surface and the polycrystalline handle wa- 
fer. 

[0019] The advantages of such integrated circuits are 
manyfold. The polycrystalline silicon substrates provide 
extremely high resistivity (>10 KOhm-cm) which ap- 
proaches the levels provided by insulators. The sub- 
strates are relatively insensitive to contamination with 
electrically active impurities such as boron, and the sub- 
strates have mechanical and thermal properties closely 
matching the thin monocrystalline silicon layer. Conse- 
quently, the resulting wafers are robust during process- 
ing and it is now possible to place high speed digital cir- 
cuits, RF analog circuits and high performance RF pas- 
sive components all on the same substrate. This permits 
fabrication of more compact, higher speed, lower power, 
and lower cost integrated circuits for wireless commu- 
nications and other applications. 
[0020] The preferred applications are rf circuits con- 
taining inductors such as low-noise amplifiers, band- 
pass filters and voltage controlled oscillators. Fig. 3 is a 
schematic-circuit diagram depicting a single stage low- 
noise amplifier which can be implemented on a Fig. 2 
structure. The circuit 30 includes an active device in the 
form of transistor T and passive devices such as induc- 
tor L g1 and capacitor C v Typical circuit parameters are: 
Lg! = 14.84mH, Lg 2 = 4.4mH, L s = 0.3mH, L d = 2.6 mH, 
Ct =20 pF, C d = 12pFand C 2 = 18.5 pF. The circuit can 
be implemented using MOS fabrication techniques and 
spiral inductors. Further details are described in R.A. 
Johnson et at, "Advanced Thin-Film Silicon-On-Saphire 
Technology: Microwave Circuit Applications" IEEE 
Transactions on Electron Devices, Vol. 45, No. 5, pp. 
1047-1053 (May, 1998), which is incorporated herein by 
reference. A suitable band-pass filter circuit, an alterna- 



tive low-noise amplifier circuit and a voltage controlled 
oscillator circuit are described by J. Burghartz et al in 
■RF Circuit Design Aspects of Spiral Inductors on Sili- 
con, 0 1998 IEEE International Solid State Circuits Con- 
5 ference, Paper FP 16.1, pp. 246-247 (1998), which is 
incorporated herein by reference. The circuits can be 
implemented using BiCMOS fabrication techniques. 
[0021] The invention can be better understood by 
consideration of the following specific example. 

10 

EXAMPLE 

[0022] Pairs of scribed monocrystalline and polycrys- 
talline silicon wafers are chemically polished so that the 

15 root mean square roughness is close to 1 angstrom 
within a 10 micron square area. A standard thick oxide 
(100-1000nm) is grown on the monocrystalline wafer 
while the polycrystalline wafer remains covered with na- 
tive oxide. The wafers are then chemically degreased 

20 by dipping into: 

1 . hot trichlorethane; 

2. acetone; and 

25 

3. methanol, 

with thorough drying between dips. 
[0023] The wafers are inspected for quality and 
30 brushed scrubbed to remove large particles. 

[0024] At this point the wafers are chemically cleaned 
by the following process: 

1 . Rinsing in deionized (Dl) water 

35 

2. 10 minutes in a hot (80°C) 4:1:1 mixture of H 2 0: 
H 2 0 2 :NH 4 OH 

3. Thorough rinsing in Dl water 

40 

4. 1 0 minutes in a hot (80°C) 4: 1 : 1 mixture of H 2 0: 
H 2 0 2 :HCI 

5. Thorough rinsing in Dl water; and 

45 

6. Final brush scrub 

[0025] The wafers are then transported to a bonding 
station where each pair is positioned facing each other 

50 with a 4 mm spacing. A jet of Dl, particle-free water is 
sprayed between the two wafers while a slow rotation 
(one revolution per minute) is established. Spraying is 
done for three minutes. The wafers are then spun at 
3000 rpm for 5 minutes while heat is applied by a high 

55 intensity IR lamp (300W) located 5" from the top wafer. 
[0026] As soon as the rotation is stopped, the top wa- 
fer is dropped onto the bottom wafer and gentle pres- 
sure is applied at the center of the pair to initiate the 
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6. A circuit device according to claim 5 wherein said 
layer of silicon oxide has a thickness in the range 
20 to 1000 nanometers. 

5 7. A circuit device according to claim 2 wherein said 
integrated circuit includes at least one active elec- 
tronic device and at least one passive device. 

8. A circuit device according to claim 2 wherein said 
10 integrated circuit comprises at least one inductor. 

9. A method for making an integrated circuit compris- 
ing the steps of: 

is providing a substrate comprising polycrystal- 

line silicon, said polycrystalline silicon having a 
thickness in excess of about 0.1 millimeter and 
a resistivity in excess of about 10 KOhm-cm; 

20 bonding a layer of monocrystalline silicon into 

said substrate; 

thinning said layer to a thickness of less than 
about 10 micrometers; and 

25 

forming an integrated circuit on the layer of 
monocrystalline silicon. 



joining. The pair is then checked with an IR lamp and in 
an acoustic microscope, before being placed in an oven 
to be annealed to 1100°C. Annealing transforms the 
weak physical bonds into strong chemical bonds via 
thermally induced chemical reactions. The wafers are 
again inspected for voids that may have developed dur- 
ing annealing, both with the acoustic microscope and IR 
transmission. 

[0027] The result is a composite wafer with a thin layer 
of monocrystalline silicon bonded to the surface of a 
polycrystalline substrate. The wafer is suitable for con- 
ventional silicon integrated circuit fabrication using 
processing equipment designed for conventional 
monocrystalline wafers. 

[0028] It is to be understood that the above-described 
embodiments are illustrative of only a few of the many 
possible specific embodiments which can represent ap- 
plications of the principles of the invention. For example, 
there are a wide variety of methods for cleaning and 
bonding that can be used in the process. Thus numer- 
ous and varied other arrangements can be made by 
those skilled in the art without departing from the scope 
of the invention. 



Claims 

1 . A circuit device comprising: 

a substrate comprising polycrystalline silicon, 
said polycrystalline silicon having a thickness 
in excess of about 0.1 millimeter and a resistiv- 
ity in excess of about 1 KOhm-cm; 

a thin layer of monocrystalline semiconductor 
bonded to said substrate, said layer having a 
thickness of less than about 15 micrometers; 
and 

an integrated circuit formed on said layer of 
monocrystalline semiconductor. 

2. A circuit device according to claim 1 wherein said 
monocrystalline semiconductor comprises monoc- 
rystalline silicon. 

3. A circuit device according to claim 2 wherein said 
substrate has a thickness of about 0.5 millimeter or 
more. 

4. A circuit device according to claim 3 wherein said 
layer of monocrystalline silicon has a thickness of 
about 1 micrometer or less. 

5. A circuit device according to claim 2 wherein a layer 
of silicon oxide is disposed between said polycrys- 
talline silicon and said monocrystalline silicon. 



10. The method of claim 9 wherein said bonding is ef- 
30 fected by placing a wafer of said monocrystalline 
silicon on a wafer of said polycrystalline silicon and 
heating to form chemical bonds between the two 
wafers. 



40 



45 



50 



5 



EP0 9 


69 500 A2 




FIG. 1 




PROVIDE POLYSILICON SUBSTRATE [—A 








BOND MONOCRYSTALL INE LAYER 
TO POLYSILICON SUBSTRATE 


— B 








THIN MONOCRYSTALL INE LAYER 


— C 








FORM ACTIVE AND PASSIVE 
CIRCUIT COMPONENTS ON 
MONOCRYSTALLINE LAYER 


— 0 




6 



EP 0 969 500 A2 



FIG. 3 



30- 




Mlllllllllillllllllllllllllllllllllllllllll 

(id EP 0 969 500 A3 

(12) EUROPEAN PATENT APPLICATION 

(88) Date of publication A3: (51) , nt CL 7 : H01 L 21/20, H01 L 21/762, 

2S.10.2000 Bulletin 2000/43 H01 1_ 2 7/1 3, H01 L 27/06 

(43) Date of publication A2: 

05.01.2000 Bulletin 2000/01 

(21) Application number: 99304073.2 



(22) Date of filing: 26.05.1 999 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• Celier, George K. 


MC NL PT SE 


New Jersey 07901 (US) 


Designated Extension States: 


• Chabal, Yves Jean 


AL LT LV MK RO SI 


Holmdel, New Jersey (US) 


(30) Priority: 10.06.1998 US 95468 


(74) Representative: 




Watts, Christopher Malcolm Kelway, Dr. et al 


(71) Applicant: LUCENT TECHNOLOGIES INC. 


Lucent Technologies (UK) Ltd, 


Murray Hill, New Jersey 07974-0636 (US) 


5 Mornington Road 




Woodford Green Essex, IG8 0TU (GB) 



(54) Single crystal silicon on polycrystalline silicon integrated circuits 



Europaisches Patentamt 
(1 9) /$1H European Patent Office 

Office europeen des brevets 



(57) An integrated circuit comprising active and pas- 
sive devices is formed in a thin slice of monocrystalline 
semiconductor bonded to a high resistivity polycrystal- 
line silicon substrate. As compared with conventional in- 
tegrated circuits supported on a monocrystalline sub- 
strate, circuits in monocrystalline films bonded to high 
resistivity polycrystalline substrates are less subject to 
parasitic capacitance, crosstalk and eddy currents. As 
compared with typical SOI wafers, the polycrystalline 
substrates have higher resistivity, and this resistivity is 
much less affected by contamination than it would be in 
monocrystalline substrates. Compared to silicon-on- 
sapphire or silicon on any other insulating material, the 
polycrystalline substrates are more compatible with the 
mechanical, thermal, and optical properties of the crys- 
talline silicon layer. 



FIG. 1 



PROVIDE POLYSILICON SUBSTRATE — A 



BONO HOMOCRYSTALLINE LAYER 
TO POIYSIUCON SUBSTRATE 



THIN MONOCRYSTALLINE LAYER [— C 



CO 

< 

o 
o 

lO 

O) 
CO 

o> 
o 

Q. 
LU 



FORM ACTIVE AND PASSIVE 
CIRCUIT COMPONENTS ON 
MONOCRYSTALLINE LAYER 



Printed by Jouve. 75001 PARIS (FR) 



EP 0 969 500 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 30 4073 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.6) 



US 5 091 330 A (CAMB0U BERTRAND F ET AL) 
25 February 1992 (1992-02-25) 

* abstract; claims; figures * 

* column 1, line 65 - column 2, line 24 * 

* column 3, line 19 - line 59 * 

* column 4, line 22 * 



EP 0 688 048 A (CANON KK) 

20 December 1995 (1995-12-20) 

* abstract; claims; figures * 

* page 9, line 1 - line 6 * 

* page 14, line 21 - line 26 * 

PATENT ABSTRACTS OF JAPAN 
vol. 012, no. 020 (E-575), 

21 January 1988 (1988-01-21) 

-& JP 62 179110 A (TOSHIBA CORP), 
6 August 1987 (1987-08-06) 

* abstract; figures * 

ZU L ET AL: "High quality-factor 
inductors integrated on S1 multlchlp 
modules" 

ELECTRICAL PERFORMANCE OF ELECTRONIC 
PACKAGING (CAT. N0.95TH8137) , PROCEEDINGS 
OF ELECTRICAL PERFORMANCE OF ELECTRONIC 
PACKAGING, PORTLAND, OR, USA, 2-4 OCT. 
1995, 

pages 160-162, XP002145704 
1995, New York, NY, USA, IEEE, USA 
ISBN: 0-7803-3034-X 

* abstract * 

* page 161, line 8 * 

-/-- 



1-3,5, 
7-9 



4,6,10 



H01L21/20 
H01L21/762 
H01L27/13 
H01L27/06 



4,6 



10 



1,2,7-9 



TECHNICAL FIELDS 
SEARCHED (lntCI.6) 



H01L 



The present search report has been drawn up for all claims 



Ptaca of search 

THE HAGUE 



Date of completion of tho search 

25 August 2000 



Wlrner, C 



CATEGORY OF CITEO DOCUMENTS 

X : particularly relevant If taken alone 

V : particularly relevant if combined with another 

document of the *ame category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

A : member of Ihe same patent 1 amity, corresponding 
document 



2 



EP 0 969 500 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 30 4073 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation ot document with indication, where appropriate, 
ot relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (InLCW) 



P,A 



PATENT ABSTRACTS OF JAPAN 
vol. 017, no. 356 (E-1394), 
6 July 1993 (1993-07-06) 
-& OP 05 055359 A (FUJITSU LTD), 
5 March 1993 (1993-03-05) 

* abstract; figures * 

W0 97 02598 A (HARRIS CORP) 
23 January 1997 (1997-01-23) 

* abstract; claims; figures * 

* page 3, line 30 - page 4, line 6 * 

EP 0 878 844 A (LUCENT TECHNOLOGIES INC) 
18 November 1998 (1998-11-18) 

* abstract; claims; figures * 



1,9,10 



1,9 



1-10 



TECHNICAL FIELDS 
SEARCHED (lnt.CI-5) 



The present search report has been drawn up for all claims 



Ptac* of Maich 

THE HAGUE 



0*t» ot corrplieon ol tr» March 

25 August 2000 



Wlrner, C 



CATEGORY OF CtTED DOCUMENTS 

X : particularly relevant V taken alone 

Y : particularly relevant II combined with another 

document of the same category 
A : technological background 
O : non-written dtacloeure 
P: 



T : theory or prtrcfcte underlying the invention 
E : earner patent document, but published on, or 

after the filing date 
D : document dtsd in the application 
L : document cited for other reasons 

A : member of the same patent family, corresponding 
document 



3 



EP 0 969 500 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 99 30 4073 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

25-08-2000 



Patent document 
cited in search report 



Publication 
date 



US 5091330 



25-02-1992 



Patent family 
members) 



Publication 



NONE 



EP 0688048 


A 


20-12- 


1995 


EP 


0747935 A 


11-12-1996 










CA 


2048339 A,C 


04-02-1992 










CN 


1061871 A 


10-06-1992 










EP 


0469630 A 


05-02-1992 










JP 


2608351 B 


07-05-1997 










OP 


5021338 A 


29-01-1993 










KR 


9514609 B 


11-12-1995 










SG 


59963 A 


22-02-1999 










US 


5371037 A 


06-12-1994 










us 


5750000 A 


12-05-1998 


JP 62179110 


A 


06-08- 


■1987 


NONE 






JP 05055359 


A 


05-03- 


■1993 


NONE 






W0 9702598 


A 


23-01- 


■1997 


US 


5773151 A 


30-06-1998 










EP 


0777911 A 


11-06-1997 


EP 0878844 


A 


18-11- 


•1998 


JP 


10284694 A 


23-10-1998 



a 
Z 

m For more details about this annex :see Official Journal of the European Patent Office, No. 12/82 



4 



